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ABSTRACT. The occurrence of morphological ab- 
normalities and the emergence of body defects are 
well-known phenomena in crustaceans and other groups 
of arthropods. They usually originate from genetic fac- 
tors and are attributable to aberrations during the moult- 
ing process, but they can also be of exogenous origin. 
The aims of this study were to present the external 
body changes that occurred in large branchiopod crus- 
taceans of the genus Lepidurus Leach, 1819 (Notostra- 
ca) sampled in Serbia and discuss their possible etiolo- 
gy. The majority of variations were identified on the 
carapace and limbs, followed by ones on the abdomi- 
nal part of the body, telson with caudal lamina, and 
cercopods. As for potential causes, the observed varia- 
tions can be attributed both to genetic factors and to 
non-genetic ones such as predatory stress and possible 
environmental disturbance. Certain deviations from the 
mean phenotype point to irregular development (or an 
unpatterned moulting process) and to a possible dis- 
ease. Some of the body transformations observed here 
influenced symmetry and functional morphology of the 
individuals, and may have ecological and ethological 
implications. 
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РЕЗЮМЕ. Проявление морфологических откло- 
нений и появление дефектов тела хорошо известны 
у ракообразных и других групп членистоногих. 
Обычно они возникают благодаря генетическим 
факторам и относятся к изменениям в процессе 
линьки, но они могут быть и экзогенного проис- 
хождения. Цель настоящей работы — показать вне- 


шние изменения в строении тела у крупных рако- 
образных-бранхиопод рода Lepidurus Leach, 1819 
(Notostraca), собранных в Сербии, и обсудить их 
возможную этиологию. Большинство изменений 
отмечены у карапакса и конечностей, а затем у 
брюшного отдела, тельсона с хвостовой долей и y 
церкоподов. Что касается потенциальных причин, 
наблюдаемые изменения могут вызываться как ге- 
нетическими, так и негенетическими факторами 
типа пресс хищников и возможные нарушения при- 
родной среды. Определенные отклонения от нор- 
мального фенотипа указывают на неправильное раз- 
витие (или нарушенный процесс линьки) и, B03- 
можно, болезнь. Некоторые из наблюдаемых пере- 
мен повлияли на симметрию и функциональную 
морфологию животных и могут иметь экологичес- 
кие и поведенческие последствия. 


Introduction 


Atypical morphology in animals usually occurs as a 
result of developmental instability influenced by envi- 
ronmental and genetic stressors [Graham et al., 1993]. 
Gilbert [2000] defined abnormalities (defects) caused 
by genetic events as malformations, while the abnor- 
malities due to exogenous agents he referred to as 
disruptions. Body defects can appear as visible mor- 
phological changes (phenodeviance), or in the form of 
subtle random deviations from perfect bilateral sym- 
metry (assuming that symmetry 1s an ideal state of 
bilaterally paired characteristics) [Tomkins, Kotiaho, 
2001]. Phenodeviance represents an unusual expres- 
sion of a trait that essentially differs from the typical 
phenotype and usually appears in less than 496 of the 
population (according to Moller & Swaddle, 1997). 
Relatively large changes, expressed as complete or 
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partial loss of certain body parts, may influence both 
body shape and symmetry. Further, the abnormal ap- 
pearance of a trait may occur due to disruption of the 
moulting process or to disproportionate or incomplete 
regeneration after injury [Jagadeesan, Jyothibabu, 
2016]. Also, post-mortem changes are common in spec- 
imens that have been fixed or preserved in alcohol. 
After preservation, some body parts may appear odd 
[Beladjal, Mertens, 1999; Jarvinen et al., 2014], and 
normal life-colours may be lost or faded. 

In the case of arthropods, the aims of many studies 
were to observe and define various malformations and 
discuss possible causes of their occurrence. In such 
studies, natural samples were examined or anomalies 
were induced in laboratory conditions using different 
genetic or environmental manipulations. Studies were 
conducted in many groups of insects (for a review see 
Yi et al., 2017), spiders [Napiórkowska et al., 2015a, 
b; Tomić et al., 2016], scorpions [Saric, Tomić, 2016], 
pseudoscorpions [Luécié, 1995; Makarov, 1995], centi- 
pedes [Minelli, Pasqual, 1986], millipedes [Janssen, 
2013] and crustaceans [Dias, 1999; Luppi, Spivak, 
2007; Miličić et al., 2013; Melo et al., 2014]. 

The genus Lepidurus Leach, 1819 consists of large 
freshwater branchiopod crustaceans. As a member of 
the order Notostraca, Lepidurus 1s characterized by a 
shield-shaped carapace with a dorsal position. At the 
front ofthe carapace there are a pair of stalkless (sessile) 
compound eyes and the oval nuchal organ located in 
the midline between the eyes. The carapace has a lon- 
gitudinal dorsal carina on the medial line, with a chiti- 
nized terminal spine. The carapace covers a large part 
of the body and provides protection. It also provides 
hydrodynamic advantages to individuals, and facili- 
tates burrowing [Olesen, 2013]. The shape, size, and 
pattern of spines at the posterior margin of the cara- 
pace are species-specific characters. The thorax has 11 


ring-like segments with leaf-like paired swimming ap- 
pendages (phyllopodous limbs). In females, the ex- 
opodite of the 11" pair of thoracopods is rounded and 
modified into an egg sack for reproduction [Fryer, 
1988]. The number of abdominal pairs of limbs is not 
fixed, and, as a rule, it is greater than the number of 
body segments (a feature common to Notostraca). The 
limbs gradually become smaller, leaving some body 
rings free of limbs toward the end of the abdomen. The 
abdomen is multi-segmented and not clearly differenti- 
ated from the trunk. Since no clear correlation between 
the chitinized body rings and the actual body segmen- 
tation could be distinguished, Linder [1952] suggested 
that the term “body ring" be used instead of the term 
"body segment". Lepidurus can also be recognized 
from the presence of a medial elongation projecting 
from the telson (caudal lamina, supra-anal plate) with a 
characteristic arrangement of spines on its dorsal side. 

Lepidurus typically inhabits astatic water bodies 
and short-lived pools of small volume with dramatic 
changes in ecological conditions over the season, and 
even during a single day. Species of the genus have all 
biological attributes necessary to provide effective 
mechanisms for persisting under the harsh conditions 
in habitats of such an unpredictable nature. They are 
benthic inhabitants that mainly feed on detritus, plants, 
algae, and bacteria [Tasch, 1969; Miller, 1980]. Lepi- 
durus can also prey on other invertebrates, even on 
injured members of the same species [Lakka, 2013]. 
On the other hand, temporary pools are not “епету- 
free" [Brendonck et al., 2002] and several potential 
invertebrate and vertebrate predators live in the same 
habitats along with Lepidurus. Environmental stress 
and environmental contamination, together with the 
effect of predation, can contribute to different body 
defects reported in populations [Linder, 1952; Long- 
hurst, 1958; Lakka, 2013]. 


Table. Body defects observed among specimens. N, — number of individuals with a specific abnormality. 
Таблица. Дефекты тела, наблюдаемые y образцов. №, — число экземпляров с определенным отклонением. 


Body defect NA Proportion of affected individuals 
MALFORMATIONS in the sample considered (%) 
Incomplete body rings 26 12.15 
Spirally growing abdominal rings 2 0.93 
Asymmetrically shaped caudal lamina 15 7.04 
Incompletely developed cercopod 3 1.60 
DISRUPTIONS 
Injuries of carapace 31 16.85 
Injuries of limbs 41 23.70 
Injuries of telson and caudal lamina 11 5.16 
Injuries of cercopods 9 4.81 
Granules in ventral head area 28 15.47 
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The aims of the present work were to give an over- 
view of the body changes observed in individuals as- 
signed to the species Lepidurus couesii Packard, 1875 
from Serbia, describe the most representative exam- 
ples, and discuss their possible etiology. 


Material and methods 


We investigated specimens sampled from ponds 
situated in the zone of the city of Belgrade. Samples 
were caught alive, using a hand-held mesh net, and 
immediately fixed ш ethyl-alcohol. Only individuals 
that showed attributes of adults were used for analysis. 
During screening for body abnormalities, a total of 214 
specimens were examined. Characters common to both 
sexes and sexually dimorphic characters [Saganovié et 
al., 2017] were observed in establishing the presence 
of morphological/structural variations and defects. The 
body rings of apodous segments (nomenclature follow- 
ing Longhurst, 1955) in ventral view of the abdomen 
were investigated and counted. The spiral-shaped body 
rings (after Linder, 1952) were also examined and as- 
sessed. Where it was appropriate, the body details of 
representative examples, including spiral-shaped ab- 
dominal rings, were photographed or illustrated. Each 
example of irregular development of the abdomen was 
presented using the formula (F) proposed by Linder 
[1952]: number of thoracic limbs (fixed at 11) + num- 
ber of abdominal leg-bearing rings + legless rings + 
incomplete abdominal rings (7) or spiral-growth (sp), 
presented with the number of rounds of body rings (r). 
Orientation of the spirally growing body rings around 
the abdominal axis (right-handed — R/left-handed — Г.) 
was also taken into account. 

In addition, each individual was investigated for 
possible qualitative changes in different body parts 
(physical deformations, injuries, lesions, changes in 
body colour, etc.), and for other types of abnormalities. 
The carapace, sulcal margin of the carapace, telson 
with the caudal lamina (after Rogers, 2001, supra-anal 
plate (after Linder, 1952) and most prominent parts of 
the body such as the furcal rami (cercopods) were also 
thoroughly investigated under a Carl Zeiss Stemi 2000 
binocular dissecting microscope. Digital images were 
taken with a Sony DSC F828 digital camera (Sony 
Corp., Tokyo, Japan). 


Results 


Among all specimens examined, several body anom- 
alies were observed on the carapace, abdomen, limbs, 
telson with caudal lamina, and cercopods (Table). 

In Lepidurus, the dorsal medial carina divides the 
carapace longitudinally into the left half and the right 
half. In L. couesii, it is strongly chitinized and spine- 
less. However, in more than one-third of the examined 
individuals (36.58%), we found solitary spines of tiny 
proportions or small rounded outgrowths lying along 
the carina (Fig. 1). In some individuals, we also ob- 


Fig. 1. Small spines and rounded outgrowths on the dorsal 
medial carina (asterisk). 

Рис. 1. Мелкие шипы и округлые выросты Hà спинном 
срединном гребне (звездочка). 


served irregularly arranged sulcal spines, especially in 
the area close to the terminal carina spine. 

The abdomen of specimens was also subject to 
irregular development. Irregularities of the abdomen 
were usually manifested in the form of a discordant 
segmental pattern, even on the dorsal and ventral side 
of the same individual. In the same habitat, next to 
specimens with normal growth, we found individuals 
with the occurrence of shorter or incomplete (asym- 
metric) body rings showing a reduction (in some indi- 
viduals, even half of the ring is missing (Figs 2a, 2c, 
and 2e). Some body rings exhibited partial atrophy in 
the form of a small ring residuum (scale) situated at the 
base of the telson (Fig. 2b). However, the typical spiral 
growth was rarely found in the sequence of rings (in 
only two specimens). One individual had a right-hand- 
ed (R) spiral of little more than two rounds. In the other 
case, a left-handed (L) spiralization of two full rounds 
was noted (Fig. 2d). 

Further analysis of the distal part of the body re- 
veals the presence of many discrepancies between spines 
on the right and left sides of the telson. The mismatch 
in spine number was observed on both the dorsal and 
the ventral sides of the telson in almost all specimens. 
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Fe) = 11 + 12+ (2i + 2) 225 4 21 


Fig. 2. Examples of incomplete and spirally growing abdomi- 
nal rings, with original drawings (by I. Saganovic) of accurate 
structural changes represented by Linder's formula (F). Abbrevia- 
tions: i — incomplete abdominal rings; sp — spiral growth; r — 
number of rounds of body rings; L — left-handed orientation of 
spirally growing body rings. 

Рис. 2. Примеры неполных и спирально растущих брюш- 
ных сегментов, с оригинальными рисунками (выполнены И. 
Шагановић) аккуратных структурных изменений, представлен- 
ными по формуле Линдера (Е). Сокращения: 1 — неполные 
брюшные сегменты; Sp — спиральный рост; г — число оборо- 
тов сегментов тела; L — левосторонняя ориентация спирально 
растущих сегментов тела. 


In some individuals, we also found ап asymmetrically 
shaped caudal lamina (clearly visible in 7.04% of indi- 
viduals, Figs 3a and 3b) or an incompletely developed 
(shortened) cercopod of unusual morphology (Fig. 3d). 

Disruptions of different origin (lesions, changes in 
body colour, parasite invasion, and tumour-like growths) 
were also visible on the body surface in some individu- 
als. Those changes were manifested in the presence of 
altered morphology and/or chitinous darker edges, as 
well as in deposition of thickened dermal (callus) tis- 
sue in damaged animals. The most common were inju- 
ries of the carapace (in 16.85% of individuals consid- 
ered) and limbs (23.70%), followed by damage to the 
telson with the caudal lamina (in 5.16% of individuals) 
and cercopods (injuries of the cercopods and consider- 
able loss of cercopod length were observed in 4.8196 
of individuals). Only in two individuals did we find a 
serious injury (lack of) the 11" limb bearing the ovisac. 

In some individuals, the carapace was developed 
incompletely, with partial reduction of the right or left 
side. It seems that those individuals failed to accom- 
plish full development of this cuticular structure, a 
situation probably triggered by agents of different ori- 
gin. Some carapaces exhibited holes or cracks, accom- 
panied by reduction of the area covered by sulcal spines. 
To judge from shape of the fractures, it seems that 
these injuries were largely caused by attack from pred- 
ators and/or conspecifics (Fig. 4). In some carapaces, 
we also observed a broken terminal carina spine. 

Adults from our sample were usually brown to green 
in colour. However, we noted changes of standard body 
colouration in some individuals. We found rounded 
pale-yellow structures (granules) on the anteroventral 
side of the cephalic part of the carapace. Also, we 
noted zones with darker dots on the limbs, carapace, 
and telson. The observed granulations could be an 
indication of parasite infections (Figs 3c and 5). 

In almost a quarter of considered individuals, we 
found a stage with the carapace and caudal lamina 
slightly raised to an upright position, indicating an 
ongoing moulting process. 


Discussion 


Up to now, many studies of body deformities have 
been focused on several groups of arthropods [Lucic, 
1995; Makarov, 1995; Zanata et al., 2008; Martinelli- 
Filho et al., 2009; Fernandez et al., 2011; Feullassier et 
al., 2012; Tomié et al., 2016; Yi et al., 2017]. Morpho- 
logical abnormalities were also documented and de- 
scribed in some large branchiopod crustaceans [Lakka, 
2013; Miličić et al., 2013]. Body deformities are usu- 
ally attributed to genetic factors [Zou, Fingerman, 2000]; 
alterations during the moulting process [Luppi, Spivak, 
2007; Napiórkowska et al., 2015a] and predatory inju- 
ry, disease, or regeneration after injury [Gregati, 
Negreiros-Fransozo, 2009]. 

Examinations of Lepidurus specimens from Serbia 
revealed the occurrence of several unpatterned forms, 
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and incompletely developed cercopod (d). 
Рис. 3. Асимметрично оформленная хвостовая доля (a), He полностью развитая хвостовая доля (b), хвостовая доля с пигмента- 
цией (с) и не полностью развитый церкопод (4). 


Fig. 4. Examples of injuries in different body parts: a, b — carapace injuries; c, d — caudal lamina injuries; e — drawing of Odonata 
larvae with extended mandibles (a potential predator in natural habitats, drawn by I. Saganovic); f, g — caudal lamina and cercopod injuries. 

Рис. 4. Примеры повреждений различных частей тела: a, b — повреждения карапакса; c, 4 — повреждения хвостовой доли; e — 
рисунок личинок стрекоз с вытянутыми мандибулами (потенциальный хищник в естественных биотопах, выполнен И. Harano- 
Buh); f, g — повреждения хвостовой доли и церкоподов. 
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Fig. 5. Granules in ventral head area, most likely due to parasites. 


Рис. 5. Гранулы B районе низа головы, скорее всего, это паразиты. 


which could be attributed to both internal and external 
factors. The uneven body segmentation and irregular 
growth described in our study were manifested in the 
form of spiral growing, shortened body segments, or 
incomplete ring formation. In the past, they were usual- 
ly considered to be developmental traits common to 
Notostraca [Bernard, 1929; Longhurst, 1958], but also 
to other major arthropod clades as well (for a review, 
see Lesniewska et al., 2009). This anomalous segmen- 
tal pattern is referred to as *helicomery' — a condition 
of segment structure in arthropods without discrete 
axial units (belts or segments) around the axis [Minelli, 
Pasqual, 1986]. According to recent investigations con- 
ducted on centipedes [Lesniewska et al., 2009], a heli- 
comeric pattern should not be considered as a body 
anomaly on its own, but rather to be the result of a 
combination of several types of defects, mispairings, 
and sclerite arrangements during late-embryonic de- 
velopment and segmentation. A common feature of 
embryonic development in Lepidurus and other large 
branchiopod crustaceans is a period of dormancy, when 
the embryo 1$ arrested in an early stage of organogene- 
sis (at the gastrula stage). This dormant period 1$ char- 
acterized by the absence of cellular multiplication and 
DNA replication [Dumont, Negrea, 2002]. Upon entry 
into cryptobiosis, only renewed hydratation, suitable 
osmotic pressure, or sufficient oxygen [Cleg et al., 
1996] can initiate completion of development in the 
encysted gastrula. The period before hatching is char- 
acterized by increased cell activity [Olson, Clegg, 1978], 
and intense morphogenesis [Morris, Afzelius, 1967]. 
Growth of the abdomen 1$ based on ectoteloblast pro- 
liferation and posterior segmentation (the sequential 
adding of segments from the posterior part of the grow- 
ing embryo). As Lepidurus lives in temporary habitats 


(short-lived ponds) with high selection pressure on life 
history traits associated with rapid development, fast 
growth, and early maturity of individuals, it is impor- 
tant for individuals to mature quickly (in L. apus (Lin- 
naeus, 1758) sexual maturity 1$ reached in about 30 
days [Milicié, Petrov, 1998]). The cost of fast growth 
and rapid maturation may be serious disruption of de- 
velopmental processes, increased frequency of unpat- 
terned morphogenesis, and malformations of organs and 
whole body regions. This could be a very promising area 
for further research, at least in large branchiopods. 

It was previously noted that the number of ring-like 
segments (“body rings") may differ, even within the 
same population, in members of the genus Lepidurus 
[Linder, 1952; Longhurst, 1955]. Given that the num- 
ber of apodous segments also varies in Notostraca, 
abdominal body parts were generally not considered to 
be good tools for species characterization [Korn ef al., 
2006]. Our study confirms that those characters can be 
variable even within a sample collected from the same 
pond. 

Even though the dorsal carina is spineless, at least 
so in L. couesii (according to Lynch, 1972), in about 
40% of Serbian samples we found individuals with the 
occurrence of minor sclerotizations in the form of small 
spines or rounded outgrowths arising smoothly along 
the dorsal surface of the carina. Since the carinal dif- 
ferences occur in a relatively high proportion of speci- 
mens, we can consider them to be a manifestation of 
intraspecific variation rather than a developmental mal- 
formation. It seems that some of the phenotypic traits 
observed in branchiopods appear as a plastic response 
to environmental heterogeneity rather than being a con- 
sequence of developmental instability [Miličić et al., 
2017]. 
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In Notostraca, the carapace is a characteristic body 
feature that extends from the head region and enve- 
lopes a large part of the body. The characteristic shape 
and structure of the carapace offer egg protection (only 
two specimens from our sample were missing a large 
part of the 11" thoracopod with the ovisac) and provide 
hydrodynamic streamlining of the animals. 

In our sample, a damaged carapace was noted in 
several specimens. In most cases, the damage was ex- 
ternally induced, originating from injuries caused by 
predators and/or conspecifics. The shape of some holes 
and ruptures closely resembled morphology ofthe jaws 
of potential predators, mainly dragonfly (Anisoptera) 
and/or other aquatic insect nymphs. Some cut and 
crushed body areas may also be the result of intraspe- 
cific predation (cannibalism), which is widespread in 
Notostraca [Arnold, 1966; Lakka, 2013, 2015]. Dam- 
age was usually followed by partial regeneration, when 
new layers of chitin congregate in order to protect the 
broken cuticle. This is indicated by the occurrence of 
darkened areas, where the regenerated chitin was hard- 
ened via sclerotization. On the other hand, the most 
common injuries were noticed in limbs as the softest 
parts on the ventral side of the body (in almost a quarter 
of examined individuals), not protected by the carapace. 
The carapace offers many other advantages, such as 
ensuring proper feeding and respiration [Olesen, 2013]. 

Injuries to the telson and cercopods were also noted 
in the specimens observed in this study. Some individ- 
uals had a severely damaged and incompletely regener- 
ated caudal lamina, usually half (or more than half) the 
length of the lamina of normal specimens, asymmetri- 
cal, and often with no marginal armature. The long and 
thin cercopods also differed in their morphology, even 
among individuals from the same pond. A few cerco- 
pods had a curled appearance, and in some cases the 
paired cercopods were intact, but of unequal length. 
On the other hand, the occurrence of darker areas in 
some cercopods indicated possible injuries, proved by 
the presence of rings of regenerated tissue. A highly 
flexible, narrow, and elongated structure of the tail in 
Lepidurus considerably enhances its swimming perfor- 
mance. Animals with abnormalities of the tail or lack- 
ing tails might have difficulties in achieving the force 
required to swim properly and overcome the water's 
surface tension [Lakka, 2015]. 

The (cryptic) colouration of the animals may also 
have definite biological relevance. It likely depends on 
variations in the physical environment and conditions 
in temporary freshwater habitats [Rogers, 2001; Lak- 
ka, 2015]. Some specimens from our study diverged 
from the "standard" colouration, showing an altered 
colour pattern of the carapace, legs, and telson, proba- 
bly due to the presence of parasites attached to their 
surface. Since individuals with symptoms of disease 
can spread infection within the population and may 
display abnormal behaviour [Lakka, 2013], this cer- 
tainly needs to be the subject of some further analysis. 

The developmental and other deviations discussed 
here undoubtedly have ecological and ethological im- 


plications, since they affect behaviour and disable indi- 
viduals in their (appropriate) response to the condi- 
tions of natural life. This assumes even greater impor- 
tance when it is borne in mind that several potential 
predators (such as some amphibians and invertebrates) 
use the same habitats and represent significant biotic 
stressors in temporary pool communities [Brendonck 
et al., 2002]. The morphological changes and deformi- 
ties mentioned above can also influence overall body 
shape and in the end contribute to altered symmetry of 
individuals. Defective or unusually changed sexually 
dimorphic traits, such as characteristics of the cara- 
pace, telson, caudal lamina, and cercopods (see Hessen 
et al., 2004; Lakka, 2015; Saganovié et al., 2017) 
might be under sexual selection and affect the fitness of 
individuals. 


Acknowledgements. The authors are grateful to Mr. 
Raymond Dooley for proofreading the manuscript and im- 
proving the English. This work was funded by the Ministry 
of Education, Science, and Technological Development of 
Serbia (Grant No. 173038). The work is part of the doctoral 
thesis of Ivana Saganovic, Ph.D. candidate at the Faculty of 
Biology, University of Belgrade. 


References 


Arnold G.P. 1966. Observations on Lepidurus arcticus (Pallas) 
(Crustacea, Notostraca) in east Greenland // Annals and Maga- 
zine of Natural History. Ser.13. Vol.9. Р.599—617. 

Beladjal L., Mertens M. 1999. Direct preservation in alcohol caus- 
es deformation of taxonomic key-characters in Anostraca (Crus- 
tacea) // Internationale Revue der gesamten Hydrobiologie und 
Hydrographie. Vol.84. P.17-22. 

Bernard K.H. 1929. A revision of the South African Branchiopoda 
(Phyllopoda) // Annals of the South African Museum. Vol.29. 
P.181-272. 

Brendonck L., Michels E., De Meester L., Riddoch B. 2002. Tem- 
porary pools are not “enemy-free” // Hydrobiologia. Vol.486. 
No.1. P.147-159. 

Clegg J.S., Drinkwater L.E., Sorgeloos P. 1996. The metabolic 
status of diapause embryos of Artemia franciscana (SFB) // 
Physiological Zoology. Vol.69. P.49—96. 

Dias O.C. 1999. Morphological abnormalities of Acartia lilljebor- 
gi (Copepoda, Crustacea) in the Espírito Santo Bay (E. S. 
Brazil) // Hydrobiologia. Vol.394. P.249—251. 

Dumont H.J., Negrea S.V. 2002. Introduction to the class Branchi- 
opoda // H.J.F. Dumont (ed.). Guides to the Identification of 
the Microinvertebrates of the Continental Waters of the World. 
Backhuys Publishers, Leiden. P.398. 

Fernandez C.S., Gregati R.A., Bichuette M.E. 2011. The first record 
of external abnormalities in the subterranean Aegla marginate 
Bond-Buckup & Buckup, 1994 (Crustacea: Decapoda: Aegl- 
idae), from a karst area of southeastern Brazil // Subterranean 
Biology. Vol.8. P.33-38. 

Feullassier L., Beguer M., Pauliac G., Boét P., Girardin M., Elie P. 
2012. Morphological anomalies in estuarine shrimp Lomae // 
Crustaceana. Vol.85. No.1. Р.11-25. 

Fryer G. 1988. Studies on the functional morphology and biology of 
the Notostraca (Crustacea: Branchiopoda) // Philosophical Trans- 
actions of the Royal Society of London, B Vol.321. P.27-124. 

Gilbert S.F. 2000. Developmental Biology. 6th edition. Sinauer 
Associates, Sunderland. ISBN-10: 0-87893-243-7 

Graham J.H., Freeman D.C., Emlen J.M. 1993. Developmental 
stability: A sensitive indicator of population stress // W.G. 
Landis, J.S. Hughes & M.A. Lewis (eds.). Environmental toxi- 
cology and risk assessment. American Society for Testing and 
Materials, Philadelphia. Р.136-158. 


72 I. Saganovié et al. 


Gregati R.A., Negreiros-Fransozo M.L. 2009. Occurrence of shell 
disease and carapace abnormalities on natural population of 
Neohelice granulata (Crustacea: Varunidae) from a tropical 
mangrove forest, Brazil // Marine Biodiversity Records 2. 
Vol.60. Р.1-3. 

Hessen D.O., Rueness E.K., Stabell M. 2004. Circumpolar analysis 
of morphological and genetic diversity in the Notostraca Lepi- 
durus arcticus // Hydrobiologia. Vol.519. P.73—84. 

Jagadeesan L., Jyothibabu R. 2016. Tumour-like anomaly of cope- 
pods — an evaluation of the possible causes in Indian marine 
waters // Environmental Monitoring and Assessment. Vol.188. 
No.4. P.244. doi: 10.1007/s10661-016-5230-6 

Janssen R. 2013. A curious abnormally developed embryo of the 
pill millipede Glomeris marginata (Villers, 1789) // ZooKeys. 
Vol.276. P.67—75. 

Järvinen A., Lakka H.K., Sujala M. 2014. Arktinen kilpikidusjal- 
kainen, tunturivesien elävä fossiili, löydetty jälleen Suomesta // 
Luonnon Tutkija. Vol.1. P.19—24. 

Korn M., Marrone F., Pérez-Bote J.L., Machado M., Cristo M., da 
Fonseca L.C., Hundsdoerfer A.K. 2006. Sister species within 
the Triops cancriformis lineage (Crustacea, Notostraca) // Zoo- 
logica Scripta. doi: 10.1111/j.1463-6409.2006.00230.x 

Lakka H.K. 2013. The ecology of a freshwater crustacean: Lepidu- 
rus arcticus (Brachiopoda; Notostraca) in a High Arctic re- 
gion. M.Sc. Thesis No. 111. The University of Helsinki, Lahti. 

Lakka H.K. 2015. Description of the male Lepidurus arcticus 
(Branchiopoda: Notostraca) and the potential role of cannibal- 
ism in defining male form and population sex ratio // Journal 
of Crustacean Biology. Vol.35. No.3. Р.319-329. 

Leśniewska M., Bonato L., Minelli A., Fusco G. 2009. Trunk 
anomalies in the centipede Stigmatogaster subterranea pro- 
vide insight into late-embryonic segmentation // Arthropod 
Structure and Development. Vol.38. P.417—426. 

Linder F. 1952. Contributions to the morphology and taxonomy of 
the Branchiopoda Notostraca, with special reference to the 
North American species // Proceedings of the United States 
National Museum. Vol.102. P.1—69. 

Longhurst A.R. 1955. A review of the Notostraca // Bulletin of the 
British Museum (Natural History), Zoology. Vol.3. Р.1-57. 
Longhurst A.R. 1958. Abnormal variation in the Notostraca // 
Systematic Zoology. Vol.7. No.2. P.84-88. http://dx.doi.org/ 

10.2307/2411795 

Luéié L.R. 1995. [Structural changes in the abdominal segmenta- 
tion during postembryogenesis in Neobisium carpaticum Bei- 
er, 1934 and Roncus pannonius Ćurčić, Dimitrijević, Karama- 
ta, 1992 (Neobisiidae, Pseudoscorpiones, Arachnida)]. Master 
Thesis, University of Belgrade, Faculty of Biology, Belgrade. 
97 p. [In Serbian] 

Luppi T.A., Spivak E.D. 2007. Morphology of megalopa and first 
crab of Cyrtograpsus angulatus, with comments on the pres- 
ence of an anomalous first crab stage in brachyuran crabs // 
Journal of Crustacean Biology. Vol.27. No.1. Р.80-89. 

Lynch J.E. 1972. Lepidurus couesii Packard (Notostraca) re- 
described with a discussion of specific characters in the genus 
// Crustaceana. Vol.23. P.43-49. 

Makarov S.E. 1995. [Malformation of the limbs in the later ontoge- 
nesis of Roncus pannonius Curéié, Dimitrijević, Karamata, 
1992 (Neobisiidae, Pseudoscorpiones, Arachnida)]. Master 
Thesis, University of Belgrade, Faculty of Biology, Belgrade. 
112 p. [In Serbian] 

Martinelli-Filho J.E., Melo-Jünior M., Cunha D.R., Lopes R.M. 
2009. Rare sexual anomalies in Temora stylifera (Dana, 1849) 
(Copepoda: Calanoida) // Brazilian Journal of Biology. Vol.69. 
No.2. P.455-456. 

Melo P.A., Melo J.M., Araujo M., Neumann-Leitào S. 2014. A 
morphological anomaly in Clausocalanus mastigophorus 
(Claus, 1863) (Copepoda, Calanoida) from St. Peter and St. 
Paul Archipelago // Brazilian Journal of Biology. Vol.74. P.728— 
729. 

Miller M.C. 1980. Tadpole shrimp // J.E. Hobbie (ed.). Limnology 
of Tundra Ponds, Barrow, Alaska. U.S./IBP Synthesis Series. 
Vol.13. P.323-335. 


Miličić D., Petrov B. 1999. Life histories of Triops cancriformis 
(Bosc, 1801) and Lepidurus apus (Linnaeus, 1758) (Crusta- 
cea, Notostraca) in a group of rainpools in the Banat province 
in Yugoslavia // J.C. von Vaupel Klein & F.R. Shram (eds.). 
Crustacean Issues, 12: The Biodiversity Crisis and Crustacea. 
The Netherlands (А.А. Balkema). Р.411-417. 

Miličić D., Pavkovic-Lucié S., Lučić L. 2013. On some morpho- 
logical abnormalities in adult fairy shrimp Branchipus schaef- 
feri Fischer, 1834, from Serbia // Archives of Biological Sci- 
ences, Belgrade. Vol.65. P.1645—1650. 

Miličić D., Pavkovié-Luéié S., Savić T., Trajković J., Tomović Lj. 
2017. Morphological analyses allow to separate Branchipus 
species (Branchiopoda, Anostraca) from different geographic 
Regions // Hydrobiologia. Vol.801. P.33—45. DOI 10.1007/ 
s10750-017-3286-0 

Minelli A., Pasqual C. 1986. On some abnormal specimens of 
centipedes (Chilopoda) // Lavori della Società Veneziana di 
Scienze Naturale. Vol.11. P.135-141. 

Møller A.P., Swaddle J.P. 1997. Asymmetry, Developmental Sta- 
bility and Evolution. Oxford University Press. 291 pp. 

Morris J.E., Afzelius B.A. 1967. The structure of the shell and 
outer membranes in encysted Artemia salina embryos during 
cryptobiosis and development // Journal of Ultrastructure Re- 
search. Vol.20. P.244—259. 

Napiórkowska T., Templin J., Napiórkowski P. 2015a. Morpholog- 
ical and anatomical changes related to leg anomalies in Tege- 
naria atrica // Zoomorphology. Vol.134. P.237—245. 

Napiórkowska T., Napiórkowski P., Templin J. 2015b. Teratologi- 
cal deformities of pedipalps in the Tegenaria atrica spider, 
induced by low and high temperatures applied alternately // 
Journal of Thermal Biology. Vol.56. P.50—54. 

Olesen J. 2013. The crustacean carapace: morphology, function, 
development, and phylogenetic history // L. Watling & M. 
Thiel (eds.). Functional Morphology and Diversity Oxford 
Scholarship Online. doi: 10.1093/acprof:osobl/ 
9780195398038.001.0001 

Olson C.S., Clegg J.S. 1978. A cell division during development of 
Artemia salina // Wilhelm Roux's Archives of Developmental 
Biology. Vol.184. P.1-13. 

Rogers D.C. 2001. Revision of the Nearctic Lepidurus (Notostra- 
ca) // Journal of Crustacean Biology. Vol.21. P.991—1006. 
Saganovié L.D., Tomić V.T., Lučić L.R., Miličić О.М. 2017. The 
first finding of Lepidurus couesii Packard, 1875 (Crustacea, 
Notostraca) in the Western Balkans: A record based on the 
level of development of diagnostic body characters in a bisexu- 
al population from Serbia // Acta Zoologica Bulgarica. Vol.8. 

Р.91-97. 

Sarié M., Tomié J. 2016. The first record of malformed pectines in 
genus Euscorpius (Scorpiones: Euscorpiidae) // Euscorpius. 
Vol.221. P.1-10. 

Tasch P. 1969. Branchiopoda // M.C. Raymond (ed.). Treatise on 
Invertebrate Paleontology, Part R Arthropoda 4. Vol.1. 

Tomić V., Dudić B., Lučić L., Büchs W, Sivéev L, Gotlin-Čuljak 
T. 2016. A case of palpal malformation in Pardosa agrestis 
(Westring, 1861) // Arachnology. Vol.17. P.155-156. 

Tomkins J.L., Kotiaho J.S. 2001. Fluctuating Asymmetry // Mac- 
millan Publishers Ltd., Nature Publishing Group (eds). Ency- 
clopedia of Life Sciences. P.1—5. doi.org/10.1038/npg.els. 
0003741 

Yi D.A., Kuprin A.V., Bae Y.J. 2017. Morphological anomalies of 
endangered Korean relict long-horned beetle Callipogon relic- 
tus (Cerambycidae, Coleoptera) during ontogenesis and possi- 
ble causes of their occurrence // ZooKeys. Vol.714. Р.53—60. 

Zanata L.H., Espíndola E.L.G., Rocha O., Pereira R.H.G. 2008. 
Morphological abnormalities in Cladocera (Branchiopoda) in 
a cascade of reservoirs in the middle and lower Tieté River, 
Зао Paulo, Brazil // Brazilian Journal of Biology. Vol.68. P.681— 
682. 

Zou E., Fingerman M. 2000. External features of an intersex fiddler 
crab, Uca pugilator (Bosc, 1802) (Decapoda, Brachyura) // 
Crustaceana. Vol.73. No.4. P.417-423. 


Responsible editor S.I. Golovatch 


